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FIELD OF THE INVENTION 

The present invention relates to code division multiple access (CDMA) communications, in 
general, and to acquisition of a pseudo noise (PN) sequence, in particular. 

BACKGROUND OF THE INVENTION 

In order to receive a code division multiple access (CDMA) signal, the pseudo noise (PN) 
sequence must be acquired ("acquisition"). The straightforward implementation for acquisition is 
trial-and-eiTor. meaning selecting one of the 2 15 -1 possible PN sequences and trying to find a 
correlation with the received signal. If a con-elation is found (passed a predefined threshold), then the 
next step is to synchronize the channel, also known as acquiring the system time. If a correlation is not 
found (i.e. did not pass the threshold), then the next possible PN sequence is tested. If no correlation is 
found with any of the 2 I5 -1 possible PN sequences, then the threshold is reduced and all hypotheses 
are retested. If even the lowest permitted threshold does not yield a correlation, then one tries to 
acquire an Advanced Mobile Phone Service (AMPS) signal, as described in TIA/EIA IS-95-B, 
"Mobile Station - Base Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum 
Cellular System". The maximum time allowed by the standard to get into "idle" mode (which is 
acquisition, sync and paging) is 15 seconds. 

The standard does not define a hand off from analog to CDMA due to the long acquisition 
time of CDMA. The only scenario for transferring from analog to CDMA is when the analog signal 




has been lost. In that case, the standard defines switching to System Determination Mode and then 
CDMA re-acquisition. 

If CDMA acquisition fails and an analog signal cannot be found, the mobile handset is in "no 
service" mode. In that mode, the MCU turns off the mobile handset and continues to look for either 
CDMA or an analog signal. 




BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from the following 
detailed description taken in conjunction with the appended drawings in which: 

Fig. 1 is a schematic illustration of the CDMA receive path, which is helpful in understanding 
the present invention; 

Fig. 2 is a schematic illustration of the CDMA receive path, with an indication of a point for 
snap recording, according to a preferred embodiment of the present invention; 

Fig. 3 is a schematic illustration of the CDMA receive path, with an indication of a point for 
snap recording, according to another preferred embodiment of the present invention; 

Figs. 4 and 5 are schematic illustrations of the CDMA receive path, indicating configurations 
for snap processing when the snap recording point is as shown in Figs. 2 and 3, respectively; 

Fig. 6 is a flowchart illustration of a method for handing off from analog to CDMA "idle" 
mode, according to a preferred embodiment of the present invention; 

Fig. 7 is a schematic illustration of the WBD frame structure, helpful in understanding the 
present invention; and . 

Fig. 8 is a flowchart illustration of an analog-to-CDMA IDLE hand-off, according to a 
preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The present invention is directed to a method of code division multiple access (CDMA) 
offline acquisition, in which the acquisition is split into two stages: a) recording the snap of a CDMA 
signal; and b) CDMA acquisition by processing the recorded snap. The radio frequency (RF) should 
be on only while the CDMA signal is being recorded. During the processing of the recorded data, both 
the RF and the CDMA receiver can be either off or switched to any other mode (for example, analog). 

The method of the present invention results in a faster acquisition process than the 
trial-and-error method described in the background. It also enables a reduction in power consumption. 
Furthermore, it enables one to look for a CDMA carrier while receiving another carrier, with minimal 
effect on the current received carrier, for example, recording a CDMA snap while receiving Advance 
Mobile Phone Service (AMPS). 

The offline acquisition process should be completed in a very short period of time. The snap 
recording should be quick in order to minimize the time required for the RF for receiving the CDMA 
signal, in order to reduce power consumption and in order not to lose synchronization with another 
service the mobile handset might be connected to. The snap processing should be quick so that in the 
case of successful acquisition, the handset will be as close as possible to the location as well as the 
conditions in which the snap was taken. Another reason that the snap processing should be quick is to 
enable a quick retry in the case where no CDMA signal was found. A quick retry may assist in 
determining whether no signal was found due to fading or due to lack of CDMA service at that 
location. 

In order to avoid the need of a real-time acquisition after a CDMA signal was found by 
offline acquisition, it is recommended to activate a PN generator at the same time that the snap 
recording is beginning. That way, the PN shift found by the offline acquisition is exactly the shift that 
the PN generator should be shifted by in order to be synchronized with the CDMA carrier found by the 
offline acquisition. 
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Reference is now made to Fig. i. which is a schematic illustration of the CDMA receive path, 
w hich is helpful in understanding the present invention. According to a preferred embodiment of the 
present invention, the snap record point is between the ADC output and the digital processing input, as 
shown in Fig. 2. to which reference is now made. The CDMA snap is recorded to a memory 55 such 
as read-access memory (RAM) or flash memory. In this embodiment, the power consumption can be 
improved by turning off both the digital processing unit 60 and the CDMA rake receiver and 
acquisition engine 80 while recording the CDMA snap. If acquisition can be accomplished with a 
lower data rate than the data rate provided by the ADC 50. then the ADC clock frequency can be 
reduced, thus reducing power consumption. Alternatively, a sampling unit (not shown) is 
implemented between the ADC 50 and the memory 55. which truncate the data rate to the required 
rate. The two options (clock frequency reduction or sampling unit) enable a reduction in the size of 
memory 55. as well. 

According to another preferred embodiment of the present invention, the snap record point is 
between the digital processing output and the rake receiver input, as shown in Fig. 3, to which 
reference is now made. The CDMA snap is recorded to a memory 65 such as read-access memory 
(RAM) or flash memory. In this embodiment, the power consumption can be improved by turning off 
the CDMA rake receiver and acquisition engine 80 while recording the CDMA snap. If acquisition 
can be accomplished with a lower data rate than the data rate provided by the digital processing unit 
60, then the ADC clock frequency and the digital processing clock frequency can be reduced, thus 
reducing power consumption. Alternatively, a sampling unit (not shown) is implemented between the 
digital processing unit 60 and the memory 65, which truncate the data rate to the required rate. The 
two options (clock frequency reduction or sampling unit) enable a reduction in the size of memory 65, 
as well. Analog processing 40 preferably includes analog filtering, a DC remover, and AGC or any 
other suitable analog processing circuitry. Digital processing 60 preferably includes digital filtering, 
interpolating, or any other suitable digital processing circuitry. 




According to a preferred embodiment of the present invention, the CDMA snap is processed 
using the method described in PCT Patent Application WO 98/44670 published October 8, 1998, 
entitled "A CODE SYNCHRONIZATION UNIT AND METHOD", which is incorporated herein by 
reference. The method uses a fast Hadamard transform (FHT) which determines the quality, in 
accordance with a metric, of each of a set of possible PN loadings. 

According to another preferred embodiment of the present invention, the CDMA is processed 
as known in the art. but the source of the data for the processing is not the real-time CDMA signal but 
rather the recorded CDMA snap. Reference is now made to Figs. 4 and 5, which are schematic 
illustrations of the CDMA receive path, indicating configurations for snap processing when the snap 
recording point is as shown in Figs. 2 and 3. respectively. If the snap recording point is between the 
ADC output and the digital processing input (Fig. 2), then as shown in Fig. 4, the ADC 50 should be 
disconnected from the digital processing unit 60 when processing the recorded snap. The input to the 
digital processing unit 60 for snap processing is the memory 55 in which the CDMA snap has been 
stored. If the snap recording point is between the digital processing output and the CDMA rake 
receiver input (Fig. 3), then as shown in Fig. 5, the digital processing unit 60 should be disconnected 
from the CDMA rake receiver and acquisition engine 80. 

There are a number of advantages to processing a recorded CDMA snap as opposed to 
processing a real-time CDMA signal. Firstly, there is power saving since the RF, the analog 
components and some of the digital components can be turned off while the acquisition engine 80 is 
working. Secondly, processing a recorded CDMA snap is faster than processing a real-time CDMA 
signal. Since the source of the acquisition engine 80 is not real-time data, the acquisition engine 80 
can be driven by a faster clock and the same processing can be accomplished in a shorter period of 
time. Thirdly, the RF can be set to receive another carrier (for example, analog, GSM, etc.) while the 
acquisition process is being performed. 

As described hereinabove, the standard does not define a hand off from analog to CDMA. 
Offline acquisition can provide a solution for this problem, by following the steps shown in Fig. 6. to 
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which reference is now made. fig. 6 is a flowchart illustration of a method for handing off from 
analou to CDMA "idle" mode, according to a preferred embodiment of the present invention. It will 
he appreciated that the time in which the analog receiving is terminated is very short (the RF 
transactions and the CDMA snap recording), therefore the analog recover is very easy. 

In order to reduce the interference to the WBD while recording the CDMA snap (or not to 
interfere with the WBD at all), the WBD "shut down" can be set to a certain location, which is more 
^convenient" The WBD frame structure is shown in Fig. 7. to which reference is now made. An odd 
AMPS phone should receive the 5 odd repetitions, while an even AMPS phone should receive the 5 
even repetitions. The mobile handset should decide what data is sent by the base station from the 5 
repetitions received and using a certain criteria, for example, majority voting. 

Upon receiving a good WBD signal, the mobile handset might be able to decide what was the 
data sent by the base station using fewer than 5 repetitions. In that case, the mobile handset can use 
the "Unused Repetitions" for recording the CDMA snap. Criteria for determining whether a good 
WBD signal is received should be used. Based on the criteria the mobile may decide whether the 
WBD reception may be stopped temporarily. Parameters that may be considered for the criteria 
include the quality of the WBD signal, and/or the time required for recording the CDMA snap, 
including the RF switching from analog to CDMA, AGC stabilization time, the snap length, and the" 
RF switching from CDMA to analog. Commonly, the time required for switching the RF from mode 
to mode is approximately 5 milliseconds, while the snap could be less than 3 milliseconds. In the 
event that the "Unused Repetitions" time is not enough time for CDMA snap recording, and by 
assuming that the good AMPS conditions won't be changed during the next frame, it is possible to use 
the first repetitions of a given frame for WBD reception and the last repetitions of the next frame for 
WBD reception. That yields "Unused Repetitions" at the end of the given frame and at the beginning 
of the next frame. The result is a CDMA snap recording duration of two "Unused Repetitions" time. 

. Some of the messages sent by the base station last for more than one frame (such as an 
incoming call message). In some cases, already after receiving the first frame it is apparent that the 
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current message is not destined for the mobile handset. In those eases, there may he a whole frame or 
more for CDMA snap recording. 

The solution presented above can be expanded to every mode to CDMA "idle" hand off in 
which the existing mode of communication cannot provide data on the CDMA system and therefore 
cannot initiate an "idle ? * hand off. It may also be extended to hand off while in an analog conversation 
(i.e.. hard hand off). In such a case the conversation should be switched from the analog system to the 
CDMA system. The analog conversation may be interrupted for approximately 1 second. An 
analog-to-CDMA IDLE hand-off flowchart is seen with reference to Fig. 8. 

It will be appreciated by persons skilled in the ait that the present invention is not limited by 
what lias been particularly shown and described herein above. Rather the scope of the invention is 
defined by the claims that follow: 



x 





CLAIMS 

1 . A CDMA device substantially as described hereinabove. 

2. A CDMA device substantially as illustrated in any of the drawings. 

3. An offline acquisition method substantially as described hereinabove. 

4. An offline acquisition method substantially as illustrated in any of the drawings. 



For the Applicant 



Eitan, Pearl, Latzer & Cohen-Zedek 
Lawyers, Patent Attorneys & Notaries 
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